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Abstract 
The study was based on application of remote sensing techniques and GIS 
to detect forest cover changes in Sennar State. Assessment of forest 
changes was carried out in Okalma area for the period 1987 to 1999, 
covering an area of (54872.77) hectares. The study used remote sensing 
images taken in 1987, 1996 and 1999 by Land Sat of type TM (Thematic 
Mapper). The images were analyzed using the software of (ERDAS 
IMAGINE 8.5) by analyzing light layers to identify and locate vegetation 
position based on supervised analysis that is after image improvement. The 
images were classified into classes representing ecological factors. This is 
done with the objective of determining and locating the extent of changes 
on the land contained in the study area and for the period 1987 to 1999. 
Then images were combined to facilitate identification of changes at any 
time and location.   
Four land use classes were identified: forests, scattered trees and shrubs, 
agricultural land and bare land. The results indicate that the forest area in 
1987 was 17.3 % of the total area under study, increased to 26.7 % in 1996 
and then sharply decreased to 7.8 % in 1999. The area of scattered trees 
and shrubs was 38.0 % in 1987, decreased to 33.0 % in 1996 and increased 
to 35.5 % in 1999. Agricultural land area was 35.4 % in 1987, decreased to 
30.4 % in 1996 and increased to 45.1 % in 1999. Bare land was 
continuously increasing during the period 1987 to 1996 to 1999. The study 
XIII 
 
found that there was continuous change in land use and that the change was 
basically human induced.  
The results of the questionnaire with the local people in the area indicated 
that forests constitute the main class that witnessed major negative changes. 
Most of the forest land was converted to agricultural land or changed to 
bare land. 
The study indicates that application of remote sensing technology is an 
efficient method to be applied for detection of forest cover changes.
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 ﻣﻠﺨﺺ اﻟﺪراﺳﺔ
  اﺳѧﺘﺨﺪام ﺗﻘﻨﻴѧﺔ اﻻﺳﺘѧﺸﻌﺎر ﻋѧﻦ ﺑﻌѧﺪ وﻧﻈѧﻢ اﻟﻤﻌﻠﻮﻣѧﺎت اﻟﺠﻐﺮاﻓﻴѧﺔ ﻟﻤﻌﺮﻓѧﺔ  ﻋﻠѧﻰ هﺬﻩ اﻟﺪراﺳѧﺔ اﻋﺘﻤﺪت 
 ٩٩٩١ﺣﺘѧﻰ ٧٨٩١ ﻓѧﻰ ﻣﻨﻄﻘѧﺔ اوآﺎﻟﻤѧﺎ و ﺗѧﻢ اﻟﺘﻘﻴѧﻴﻢ  . ﺗﻐﻴﺮات اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ ﻓﻰ ﻣﻨﻄﻘѧﺔ وﻻﻳѧﺔ ﺳѧﻨﺎر 
 .  هﻜﺘﺎر٧٧٫٢٧٨٤٥  ﻓﻰ ﻣﺴﺎﺣﺔ ﻣﺠﻤﻮﻋﻬﺎ ﻏﺎﺑﺔ اوآﺎﻟﻤﺎ واﻟﻤﻨﺎﻃﻖ اﻟﺘﻰ ﺣﻮﻟﻬﺎ وآﺎﻧﺖﻳﺪ ﻓﻰوﺑﺎﻟﺘﺤﺪ
 ٧٨٩١ﺗﻤﺖ اﻟﺪراﺳﺔ ﻣﻦ ﺧﻼل اﺳﺘﺨﺪام ﺻﻮر اﻷﻗﻤﺎر اﻟﺼﻨﺎﻋﻴﺔ واﻟﺘﻲ اﻟﺘﻘﻄﺖ ﻟﻤﻨﻄﻘѧﺔ اﻟﺪراﺳѧﺔ ﻋѧﺎم 
  citamehT(  ﻣѧѧѧѧﻦ ﻧﻮﻋﻴѧѧѧѧﺔ etasdnal ، ﺑﻮاﺳѧѧѧѧﻄﺔ اﻟﻘﻤѧѧѧѧﺮ اﻟѧѧѧѧﺼﻨﺎﻋﻲ٩٩٩١ وﻋѧѧѧѧﺎم ٦٩٩١، 
 SADRAE(وﻗѧѧﺪ ﺗѧѧﻢ ﺗﺤﻠﻴѧѧﻞ هѧѧﺬﻩ اﻟѧѧﺼﻮر ﺑﺎﺳѧѧﺘﺨﺪام ﺑﺮﻧѧѧﺎﻣﺞ MT  وﻳﻜﺘѧѧﺐ اﺧﺘѧѧﺼﺎرًا)reppaM
ﻣﻮاﻗѧﻊ اﻟﻐﻄѧﺎء اﻟﻨﺒѧﺎﺗﻰ  ﺣﻴﺚ ﺗﻢ ﺗﺤﻠﻴﻞ ﻃﺒﻘﺎت اﻟﻄﻴѧﻒ اﻟѧﻀﻮﺋﻲ ﻟﻤﻌﺮﻓѧﺔ وﺗﺤﺪﻳѧﺪ  )5.8 ENIGAMI
 ﻃﺮﻳﻘﺔ اﻟﺘﺼﻨﻴﻒ اﻟﻤﻮﺟﺔ ﺑﻌѧﺪ ان ﺗѧﻢ ﺗﺤѧﺴﻴﻦ اﻟѧﺼﻮر ﻣѧﻦ اﻟﻌﻮاﻣѧﻞ اﻟﺘѧﻰ ﺗѧﺆﺛﺮ ﻋﻠѧﻰ ﻣѧﺴﺘﻮى ﺑﺈﺳﺘﺨﺪام
ﺑﻐѧﺮض . اﻣѧﻞ اﻟﺒﻴﺌﻴѧﺔ اﻟﻤﻌﻨﻴѧﺔ ﺑﻬѧﺬﻩ اﻟﺪراﺳѧﺔ وﺿѧﻮﺣﻬﺎ ، ﺗѧﻢ ﺗѧﺼﻨﻴﻒ اﻟѧﺼﻮر اﻟѧﻰ اﺻѧﻨﺎف ﺗﻤﺜѧﻞ اﻟﻌﻮ 
ل اﻻﻋﻮام اﻟﻤﻌﻨﻴѧﺔ وﺗѧﻢ ﻋﻤѧﻞ دﻣѧﺞ ﺗﻌﻴﻴﻦ وﺗﺤﺪﻳﺪ ﺣﺠﻢ اﻟﺘﻐﻴﺮات ﻓﻰ اﻻراﺿﻰ ﻓﻰ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ ﺧﻼ 
   ﺑﻴﻦ اﻟﺼﻮر ﻟﻤﻌﺮﻓﺔ اﻟﺘﻐﻴﺮ ﻣﻦ اى ﻣﻨﻄﻘﺔ اﻟﻰ اﺧﺮى 
 أراﺿѧﻰ اﺷﺠﺎر ، و وﻏﺎﺑﺎت ، ﺷﺠﻴﺮات ؛ ﻤﻨﻄﻘﺔ اﻟﺪراﺳﺔ ﺑ ﺗﻢ ﺗﺤﺪﻳﺪ ارﺑﻌﺔ اﺻﻨﺎف ﻹﺳﺘﺨﺪام اﻷرﺿﻰ 
ﺛѧѧﻢ اﺻѧѧﺒﺤﺖ % ٣٫٧١ آﺎﻧѧѧﺖ ٧٨٩١ﻋѧѧﺎم ﻗѧѧﺪ وﺟѧѧﺪ ان ﻣѧѧﺴﺎﺣﺔ اﻟﻐﺎﺑѧѧﺎت  .زراﻋﻴѧѧﺔ وارﺿѧѧﻰ ﺟѧѧﺮداء 
واﻳѧѧѧѧﻀًﺎ وﺟѧѧѧѧﺪ ان ﻣѧѧѧѧﺴﺎﺣﺔ اﻻﺷѧѧѧѧﺠﺎر % ٨٫٧ وﺟѧѧѧѧﺪت ﻓﻘѧѧѧѧﻂ ٩٩٩١  وﻋѧѧѧѧﺎم ٦٩٩١ﻋѧѧѧѧﺎم % ٧٫٦٢
 ﻟﺘﺼﺒﺢ ٩٩٩١وزادت ﻋﺎم % ٠٫٣٣ ٦٩٩١ﺛﻢ ﻧﻘﺼﺖ ﻋﺎم % ٠٫٨٣ آﻨﺎت ٧٨٩١واﻟﺸﺠﻴﺮات ﻋﺎم 
 ٦٩٩١وﻧﻘѧѧѧﺼﺖ ﻋѧѧѧﺎم % ٤٫٥٣ ٧٨٩١آﺎﻧѧѧѧﺖ ﻋѧѧѧﺎم ﻗѧѧѧﺪ اﻟﺰراﻋﻴѧѧѧﺔ  اﻻراﺿѧѧѧﻰ ووﺟѧѧѧﺪ ان% ٥٫٥٣
ووﺟѧѧﺪ ان اﻻراﺿѧѧﻰ اﻟﺠѧѧﺮداء آﺎﻧѧѧﺖ ﻓѧѧﻰ زﻳѧѧﺎدة % ١٫٥٤ واﺻѧѧﺒﺤﺖ ٩٩٩١وزادت ﻋѧѧﺎم % ٤٫٠٣
   ٩٩٩١ وﻋﺎم ٦٩٩١ﻋﺎم اﻟﻰ  ٧٨٩١ﻣﺴﺘﻤﺮة ﻣﻦ ﻋﺎم 
ﺧﻠѧѧﺼﺖ اﻟﺪراﺳѧѧﺔ ان هﻨѧѧﺎك ﺗﻐﻴѧѧﺮ ﻣѧѧﺴﺘﻤﺮ ﻓѧѧﻰ اﺳѧѧﺘﺨﺪام اﻻراﺿѧѧﻰ وان هѧѧﺬا اﻟﺘﻐﻴѧѧﺮ ﺳѧѧﺒﺒﺔ اﻟﺮﺋﻴѧѧﺴﻰ 
ل ﻣﻨﻄﻘѧѧﺔ اﻟﺪراﺳѧѧﺔ ان اﻟﻐﺎﺑѧѧﺎت هѧѧﻰ اآﺜѧѧﺮ ﺳѧѧﺘﺒﻴﺎن ﻣѧѧﻊ اﻟﻤѧѧﻮاﻃﻨﻴﻦ ﺣѧѧﻮ  اﻻوﻗѧѧﺪ ﺑﻴﻨѧѧﺖ ﻧﺘѧѧﺎﺋﺞ  ،اﻻﻧѧѧﺴﺎن
 زراﻋﻴѧﺔ او ﻃﻖﺿﻰ اﻟﻐﺎﺑﺎت ﻗﺪ ﺗﺤﻮﻟﺖ اﻟѧﻰ ﻣﻨѧﺎ اواﻏﻠﺐ ار  ﺗﻐﻴﻴﺮ ﺳﺎﻟﺐ  ﺗﻌﺮﺿﺖ اﻟﻰ اﻟﺘﻰاﻻﺻﻨﺎف 
  .اﺻﺒﺤﺖ اراﺿﻰ ﺟﺮداء
اﺑﺎﻧѧѧﺖ ﻧﺘѧѧﺎﺋﺞ هѧѧﺬﻩ اﻟﺪراﺳѧѧﺔ أن اﺳѧѧﺘﺨﺪام ﺗﻘﻨﻴѧѧﺎت وﻣﻌﻄﻴѧѧﺎت ﺻѧѧﻮر اﻻﻗﻤѧѧﺎر اﻻﺻѧѧﻄﻨﺎﻋﻴﺔ ﻣѧѧﻦ اﻟﻄѧѧﺮق 
          . ﻜﻦ اﺳﺘﺨﺪاﻣﻬﺎ ﻟﻠﺘﻌﺮف ﻋﻠﻰ ﺗﻐﻴﺮات اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲاﻟﻔﻌﺎﻟﺔ اﻟﺘﻰ ﻳﻤ
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CHAPTER 1 
Introduction 
1.1 General 
Sudan is the largest country in Africa with a total area of one million 
square miles, bounded on the east by the Red Sea and on other sides by 
nine African nations. 
The forests and woodlands cover 17.٧% of the total land area (F.A.O, 
2000). This percentage is less than the minimum area stated in the CNS 
(1992 – 2002) to constitute the forest of 25% of the area of the country as 
forest reserve (FNC 1989).   
1.2 Climatic conditions   
Sudan is characterized by diverse climatic conditions. It lies in the dry 
region of Africa, between latitudes 3o and 23o N and longitudes 22o and 38o 
E. The climatic conditions are ranging from arid and semi-arid zones with 
rainfall 0 - 300 mm/annum, to savanna zone with rainfall 300 - 1200 
mm/annum. The area of the Sudan approximates 250 million hectares 
divided into arid (30%), semi-arid (20%), savannah (40%) zones and 
montane and wetland (10%).  
1.3 Population 
Sudan’s population is growing at a rate of 2.6 percent annually. The 
estimated population in 2004 was 39.0 million giving the country an 
average population density of 43 persons per sq mile. The most densely 
settled area is the area between the White Nile and the Blue Nile.  
Population has grown from 10.3 million in 1956 to 25.6 million in 1993; 
and 30.3 million in 2002 to 39.0 million in 2004. The annual growth rate 
has increased from 1.9 % to 2.7 %, one of the highest in the world, (FNC, 
2001). 
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The majority of population of Sudan is principally engaged in agricultural 
or pastoral activities. Few are employed in services, and jobs in 
manufacturing, construction, mining and civil service.  
1.4 Land and Resources 
 Sudan has a maximum length of 1406 miles from north to south and the 
extreme width of the country is about 1081 miles. The Sudan lies in hot 
dry land region characterized by eratic rains.    
Major topographical features of Sudan are the River Nile, its headstreams 
the White Nile and Blue Nile, and the tributaries of these rivers traverse 
the country from south to north. The White Nile comes from the Uganda 
border to a point near Khartoum, where it joins the Blue Nile to form the 
Nile River. The Blue Nile rises in the Ethiopian Plateau and flows across 
east central Sudan. Another important tributary of the Nile is the Atbarah, 
which also rises in the Ethiopian Plateau.  
The Libyan Desert a barren waste broken by rugged uplands covers most 
of Sudan west of the Nile. The Nubian Desert lies in the region east of the 
Nile and the ‘Atbarah. The Red Sea Hills are located along the coast. The 
highest point in Sudan, Kinyeti (3,187 m/10,456 ft), is in the southeast. 
1.5 Forest resources in Sudan 
The savanna region contains the primary forests, range and agricultural 
lands. Extensive felling of forests for wood products and agricultural 
purposes has resulted in vast destruction of the natural forests within the 
woodland savanna zone. The natural forests growing stock volume in 
Sudan continued to decline from approximately 2.4 billion cubic meters in 
1965 to about 1.2 billion cubic meters in 1984 (Brown and Wolf 1984), to 
about 0.8 billion cubic meters in 1996 (FNC,1998). The rate of 
deforestation and forest depletion occurring in the Sudan are following 
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similar tends in tropical natural forests in Africa, occurring at almost 29 
times the rate of reforestation (Lanly 1982; WRI 1985). At present, vast 
areas are completely bare except for isolated scattered natural forest 
reserves and relics of natural forests outside the reserves.   
Forests are essential as local, national and global resources. At the local 
levels, communities in and around the forests are always dependent on 
forest products. Unplanned use of the forests altered the composition of 
many forests as a result of continued extraction. At the national level, 
economies have depended and continued to rely on access to fuel, lumber 
and timber products. Despite increasing substitution by alternative 
materials, the demand for timber continues to rise. However, the survival 
of forests and woodlands is fundamental to the continued functioning of 
other environmental systems, (FOSA, 2001). 
Forest products and services play a crucial role in the economy of Sudan 
and the life of its people. FOSA (2001) stated that about 40 tree species 
constitute fodder source particularly during dry season. Wood fuels 
constitute 80 % of the total national energy. 
Gum Arabic and other gums are among the important foreign exchange 
earners; poles and sawn timber for construction and furniture are also 
supplied by forests. Soft wood demand in the Sudan is very high as it is 
used for furniture and building purposes. 
The environmental and social roles played by Sudan forests are even more 
pronounced; forests and woodlands are the first and the last defense line 
against desert encroachment southwards. It is expected that the natural 
forest reserves will be managed and be given special emphasis as 
woodlands that provide multiple uses and managed with people 
involvement. 
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1.6 Problem statement 
Management planning, for the forest reserves and other forests outside the 
reserves, is neglected except for few forests. All the management activities 
executed within the natural forests are contained in the forest legislation 
and concerned mainly with protection and patrolling exercised by forest 
guards. However unplanned felling continued to be dictated by people's 
needs for agriculture and forest products. People living around the forests 
depend on wood and non-wood forest products and on crop cultivation. 
The communities living around the forests could not be prevented from 
access to the forests in spite of the laws and guarding system adopted by 
the forest authorities. People are aware that agricultural productivity, on 
land previously covered by forests, is significantly higher than the 
productivity on lands exposed to wind and other environmental hazards. 
Land tenure, in relation to land use practices based on people participation, 
becomes an issue of interest that affects management of forests and 
conservation of tree resources. Statements of ownership, usufruct, lease or 
contracts usually define tenure rights, (Bruce 1989). Small land holdings 
for cultivation, used to be allocated by the village chief to families as a 
temporary belonging during the cultivation period and then left fallow as a 
common property under the control of the village leader, indicated success 
as a sustainable system (Elsiddig 2004). Such pattern of traditional 
management of the resources might have permitted the sustainable 
utilization of the renewable resources under communities tied together by 
linkages of lineage or reciprocity (McNeely and Pitt 1985; Ruddle and 
Johannes 1985). In its control on land and tree tenure, the customary 
systems defined the use of communal resources as allocated to households, 
in collaboration between traditional leadership and the government 
institutions.  
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By 1970, the legal position of the common land was affected by the 
issuance of the Unregistered Land Act that gave the government the 
ownership over any unregistered land. The law did not provide for 
regulations of existing, long-established usufructuary rights of people, 
organized and controlled by the traditional system. The Unregistered Land 
Act (1970) put hard constraints on the use of the unregistered rights 
originally based on the traditional land tenure system.  
1.7 Justification 
The main problem in forest management is contained in how to take fast, 
consistent, and up to date information (Franklin, 2001). In land use 
planning and mapping, the detection of land cover situation using remote 
sensing facilities is indispensable method for determining the status quo 
and for identifying land use trends. 
Land use maps provide the basis for discussions with local land users and 
stakeholders on improving land management practices in order to achieve 
sustainability. In many cases, land use planners have to prepare new land 
use maps or update existing ones before actual planning can start. 
1.8 Objectives 
The main objective of the present study is to analyze the changing trends 
of tree and forest cover, taking (Singa) area as a case, using remote sensing 
images and ground GPS applications. Approaches for the improvement of 
the forests management and local people participation, are investigated. 
The impacts of participatory approach on forests development are 
highlighted. 
Specifically to investigate:  
• The trend of changes in forest cover and the causes of changes. 
• The perception of the people about the situation of changes. 
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• Possibility for recovery of degraded lands. 
• To assess the efficiency of remote sensing as a tool for detection 
of   vegetation change.  
٧ 
 
 CHAPTER 2 
Literature Review 
2.1 Remote Sensing 
This chapter provides an overview of remote sensing technology. 
Fundamentals of remote sensing and image interpretation are described in 
a number of approaches, including NASA's Remote Sensing Tutorial and 
the Canada Center for Remote Sensing Tutorial. The International Society 
of Photogrammetric Engineering and Remote Sensing (ISPRS) also have 
lists of on-line remote sensing resources.  
Modern remote sensing began with invention of the camera in early 1800s. 
The first aerial photograph was taken in 1858 with a camera mounted on a 
balloon. During World War I, cameras mounted on planes were used in 
military reconnaissance. The greatest expansion of the use of aerial 
photography occurred during World War II for military reconnaissance. 
After the war, several civilian applications were developed including 
hazard mapping, vegetation mapping and planning. The use of aerial 
photograph continued to be the only tool for depicting the earth's surface 
from a vertical or oblique perspective.  
2.2 Fundamentals of Remote Sensing 
The process of remote sensing involves the detection and identification of 
distant objects. The background required for use of remote sensing and 
application of remote sensing data, however, need not be the technical 
sophistication. It depends on the suitability and precise use of the tool to 
obtain accurate and relevant data.  
All remote sensing imaging systems generally have the following seven 
elements (Figure 2.1).  
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Figure 2.1. Diagram of Elements of a Remote Sensing System.  
Source: Canada Centre for Remote Sensing, Fundamentals of Remote 
Sensing.  
Remote sensing deals largely with the manner by which the 
electromagnetic Radiation (EMR) can be utilized (Janza, 1975). The EMS 
is divided into regions based on wavelengths ranging from the very short 
wavelengths of the gamma ray region (measured in fraction of 
manometers) to the long wavelengths of the radio region measured in 
meters.  
Different features on the earth surface respond differently to incoming 
electromagnetic radiation. The type and condition of the feature determine 
the proportions of energy reflected, absorbed and transmitted in particular 
wavelengths. Figure (2.1) shows typical reflectance curves for three basic 
types of earth features. These are; (healthy green vegetation), (dry bare 
soil) and (clear lake water), separated by the analysis of their spectral 
signatures. For example, the visible range healthy vegetation shows high 
absorption in blue and red bands and high reflectance in green and near-IR 
band. Meanwhile, the soil shows less reflectance in the near-IR band than 
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the vegetation. In principle, it can be recognized that various kinds of 
surface materials can be distinguished by analysis of differences in 
reflectance.  
2.3 Remote sensing and green vegetation 
Vegetation has been identified as one of the most biophysical parameter of 
terrestrial surfaces due to its specific role in geosphere- biosphere – 
atmosphere interactions, (Camphell 1966). This parameter regulates the 
energy (including water) exchanges between the earth atmosphere 
interfaces. The vegetation amount controls the partitioning of incoming 
energy into sensible latent heat fluxes. Analysis of remotely sensed data 
has revealed the possibility of using remote sensing techniques to 
characterize vegetation properties, and much knowledge has been gained 
about the role of vegetation in environmental and climate changes. 
However, the information contained in a single spectral band is usually not 
enough to fully characterize vegetation properties and its dynamics. 
The reflection, absorption and transmission of vegetation canopy are 
dependent upon the leaves pigmentation, physiological structure and water 
content. Pigment of the plant absorbs the visible light and the most 
important pigment, chlorophyll, absorbs highly at wavelength of 0.43-0.44 
nm and 0.65-0.66nm. The absorption of plant leaves in the red and blue 
range of electromagnetic spectrum is most important since absorbed 
energy allows for photosynthesis and amount 70% to 90% of the incoming 
radiation’s (Camphell 1966). The reflectance of healthy vegetation varies 
with soil type, sun angle and sensing angle, vegetation cover and other 
non-vegetation components.  
The most common remote combination of spectral bands of sensed 
imagery for estimating green vegetation cover is vegetation index, which 
employs the red and infrared wavelengths, e.g. The Normalized Difference 
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Vegetation Index (NDVI). Some studies of semi-arid vegetation canopies 
have successfully used these vegetation indices for land use classification, 
but also for biomass estimation, (Kennedy, 1989).  
Soils in arid regions differ widely in their spectral response. They depend 
upon soils color, mineralogy, textures, presence of sand and rocks, surface 
roughness and various other factors. The variability of soil reflectance as 
well as of spectral interaction between the sparsely distributed plant 
canopies and soil in surfaces of such regions, make the measurement of 
plant cover in arid and semi-arid areas more complicated. However, since 
arid and semi-arid ecosystems are dominated by sparse vegetation, the key 
issue is to obtain accurate estimates of vegetation cover, which is not 
biased by spectral confusion caused by background components (i.e. litter 
substrate). At the same time, the soil surface itself should be as much an 
object of attention as the vegetation. Thus, the suitable remote sensing 
approaches must therefore concentrate on assessment of both vegetation–
related and soil.  
2.4 Remote sensing for land cover change   
The inventory and analysis of Land Cover Changes (LCC) has been 
considered very important task from the point of view of both natural and 
socio-economic processes. Such changes have occurred rapidly and 
involved large areas, especially in developing countries. Understanding the 
dynamics and causes of these changes is required in terms of establishing 
more efficient management of landscape at local and regional levels 
(Moran et al, 1994).  
The importance of remote sensing in monitoring and mapping the changes 
in land cover is widely recognized and well developed in a wide variety of 
fields, (Moran et al., 1994). The development in satellite technologies and 
remotely sensed image acquisition and analysis offer effective 
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opportunities for monitoring land cover change. Thus, allowing a synoptic 
view of regional landscapes and providing historical records of land 
condition at a certain time (Moran et al, 1994). 
Change detection is the process of detecting and characterizing thematic 
changes for the identical object location over a certain period of time; other 
related terms are monitoring and time series analysis. In principle, these 
concepts have the same meaning that is to identify change in objects at the 
same location over time. Digital methods of change detection assessment 
may be roughly divided into either pre-classification (spectral change 
detection) or post classification (change detection) methods (Singh, 1989). 
The requirement for applying these methods is the availability of imagery 
acquired at different dates, (of imagery upon which the same area of land 
can be observed).  
Depending on the characteristics of two data sets, change detection can 
either be an easy or difficult task. The principle of land cover change 
detection is based on analysis of specific changes in spectral signatures of 
affected land surfaces. It mainly involves the transformation of two 
original images. Most of the methods of spectral change detection are 
based on images differencing or images rationing (Weissmuller et al, 
1977). When applying post classification change detection, two images of 
different dates are independently classified and labeled. The area of change 
is then extracted through the direct comparison of the classification results 
(Colwell.1981).  
Over the last twenty years, remote sensing has become increasingly 
important in the study of vegetation cover change. Especially in arid and 
semi-arid lands which are faced by impact of global environmental change. 
Vegetation cover has been considered the most important remotely sensed 
indicator to characterize land cover changes.  
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2.5 Land degradation in dry Lands  
Environmental land degradation has recently become a globally, urgent 
issue and is now considered the highest priority, especially, in dry lands. 
Arid and semi – arid regions constitute about 50% of Sudan and support 
more than 35% of its population. Degradation in these lands is usually 
described as desertification, because it ultimately leads to the formation of 
deserts. Dry land degradation may be triggered by global climatic change 
and human mismanagement. While the former may result in longer and 
more frequent drought events, the later one mainly consists of 
inappropriate land use practices (Blum, 1998). Both may induce changes in 
surface properties and impact the type and density of the vegetation cover. 
Land degradation reduces the potentiality of land resources. It may appear 
in various forms such as, soil degradation (wind erosion or chemical 
degradation) and deterioration or loss of vegetation and the functionality of 
landscape. These components do not act separately, but they are 
intrinsically linked to each other and may act as mutual supporters and 
accelerators of the degradation processes.  
The resilience of dry lands is usually low and this is why dry lands are 
particularly susceptible to degradation (Blum, 1998). Human destructive 
intervention causing vegetation cover change and land degradation has 
been studied by many ecologists. Finkel (1986) points out how the semi- 
arid Mediterranean uplands have been suffering from long and severe 
human pressures.  
However, these pressures did not lead to irreversible degradation. (Ibid) 
also demonstrates the regenerative and protective power of vegetation 
cover and the potential for soil protection. Studies of land degradation in 
arid and semi- arid land carried out by Peach et al. (1986), used spectral 
mixture modeling to estimate plant cover in arid landscape. Smith, (1990), 
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successfully applied the techniques of Landsite TM image analysis for 
mapping vegetation cover in semi–arid parts in California. More developed 
and improved studies of estimated vegetation cover in semi-arid areas have 
been obtained by Hill et al, (1998).  
In Sudan, Salaheldin (1991) made a survey on typically dry rangeland of 
Acacia tortilis, and Maerua crassifolia grass land in Wadi El Hawde to 
show the changes that took place over a number of years. The area is now 
degraded, with scattered trees of very low stocking and increasing bare 
ground and over cultivation were main reasons for this degradation.  
The need to measure degradation processes in the dry land areas has 
further increased. While the methods for such measurements are imperfect 
and expensive, remote sensing based on air-born space-born sensor 
systems offers a considerable potential. It provides data with 
comprehensive spatial coverage, which are perfectly suited to monitoring 
environmentally sensitive areas.  
2.6 Desertification and drought in Sudan  
Sudan as a part of Sahelian dry region is severely affected by various 
forms of desertification and drought. Drought is a natural event, where 
water falls short of plants requirement. It is closely linked to desertification 
because it intensifies and accelerates the process. Hence drought and 
desertification are two processes that some times overlap (Ibrahim, 1978). 
The Sahelian drought usually specified in time 1968 – 1974 and 1984 
caused alarming problems such as hunger, disease and social and 
economical dislocation. Since then there has been growing awareness and 
concerns about desertification in arid and semi-arid regions in Sudan. 
Desertification is described by UNCOD 741 as the destruction of the 
biological potential of land (UNCOD, 1977). Also described as the process 
١٤ 
 
of impoverishment of ecosystem by man’s activities, (Dregen, 1976).  
Hence both definitions emphasize the symptoms of the problem as 
indicated by loss of vegetation, degradation or deterioration in the 
biological potentials of land reported as caused by mans activities on 
natural resources. These cases focus on two terms; desert creep (or 
encroachment) and desertification. The first refers to a phenomenon 
whereby sands from the desert edge creep on the productive agricultural 
land and views the process and movement of sands. The other term 
emphasizes the loss of biological productivity and it is not necessarily tied 
to sand movement. Most of the recent studies prefer the use of the term 
desertification because it is mainly caused by man’s activities and 
mismanagement of resources. 
Generally, in Sudan the term of desert encroachment is more common than 
desertification, and often described as an alarming process, through which 
the desert moves southwards transferring productive land into desert 
conditions. However, loss of biological productivity is also important as it 
results from loss of vegetation cover which leads to degradation of natural 
recourse.   
According to IIED / IES (1990), the main factors contributing to 
degradation of natural resources in Sudan are as fallows:  
• Misuse of natural resources could be considered as most important 
cause of degradation. Major forms of resources mismanagement in 
the Savannah belt of Sudan have been experienced.  
• Expansion in cultivated acreage and conversion of forests and 
Woodlands, especially beyond the agronomic boundary, into cereal 
cultivation.  
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• Misuse of the rangelands by pastoral nomadic systems, resulting 
from improper management, increase in livestock population and 
unbalanced distributions of animals.  
• Over cutting of trees for wood fuel and other purpose, leading to 
devastation of the tree cover in many areas.  
The other more important factor of cover change in Sudan is the 
deforestation. The absence of sound land use planning system, sound forest 
management practices and polices are factors in increasing deforestation 
processes. In Sudan the deforestation rate is a serious problem. According 
to FAO (1993) deforestation is about 482 thousands ha / year (1.1 % of 
total forests area). Although the general understanding of the importance 
of the desertification problems presently growing in the Sudanese society 
and within the donor community, there is still long way to come out with 
an efficient national strategy by all governmental institutions concerned as 
well as, the donor agencies. Up to now, development efforts have had little 
impact on halting ecological degradation and attaining forms of land in dry 
areas of Sudan.  
2.7 Forests in Sudan  
Since the early 1900s, extensive areas of woodland and forest have been 
converted to agricultural use. Large amounts of land classifiable as 
woodland have been cleared in the development of large-scale mechanized 
rainfed farming in central Sudan states, and smaller amounts in upper Nile 
and southern Kurdufan states. Although Sudan has a large quantity of 
natural forests, much of it has been deforested. In the late 1970s, FAO 
estimated that the country's forests and woodlands totaled about 915,000 
square kilometers, or 38.5 percent of the land area of Sudan. This figure 
was based on the broad definition of forest and woodland as any area of 
vegetation dominated by trees of any size. An estimate in the mid-1980s 
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by the Forestry Administration, however, established the total forest cover 
at about 584,360 square kilometers, or 24.6 percent of the country's land 
area. More than 129,000 square kilometers (about one quarter) of this 
amount were located in the dry and semiarid regions of northern Sudan.  
The forests were considered valuable chiefly as protection for the land 
against desertification and environmental degradation but they also serve 
as a source of fuel for pastoral land sedentary people in those regions. The 
continued population pressure on the land has resulted in an accelerated 
destruction of forestland. The loss of forestland in the marginal areas of the 
north, accelerated by mechanized farming and by drought, resulted in a 
steady encroachment of the Sahara southward at about ten kilometers a 
year in the 1980s.  
The productive forests extended below the zone of desert encroachment to 
the southern border. It included the savanna woodlands of the central and 
western parts of the country, which were dominated by various species of 
acacia, among them Acacia senegal, the principal source of gum Arabic.  
The principal area of productive forest and woodland, however, was in the 
moister southern part of the country. Covering an area of more than 
200,000 square kilometers and consisting mainly of broadleaf deciduous 
hardwoods, it remained largely undeveloped.  
Plantations established by the Forestry Administration in the mid-1970s 
totaled about 16,000 hectares of hardwoods and 500 to 600 hectares of 
softwoods, most were in the south. They included stands of teak and in the 
higher elevations of the Imatong Mountains, exotic pines. Eucalyptus 
stands had also been established in the irrigated agricultural areas to serve 
as windbreaks and to supply firewood. A gradually increasing forest 
reserve has been developed, and by the mid1970s it covered more than 
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13,000 square kilometers. Additional protection of forest and woodland 
areas was provided by several national parks and game reserves that 
encompassed 54,000 square kilometers in the mid-1970s.  
2.8 Remote sensing and land degradation studies in Sudan  
In countries as vast as the Sudan, the use of remote sensing technology is 
perhaps the only economically feasible way of surveying the natural 
resources in several fields. Many studies of land degradation have been 
carried out in different ecological zones in Sudan, with more emphasis on 
desert and semi desert areas which are influenced by different interaction 
factors. 
Remote sensing in the Sudan dated back to 1970s. Early 1971 the Food 
and Agricultural Organization (FAO), has chosen the Sudan and two other 
countries in Asia and South America as test areas for the possible 
utilization of remote sensing for recourses surveying, mapping, planning 
and development. The area selected for the remote sensing pilot test was 
located within the Savannah belt between latitudes 10o N and 14o N. In 
1972 the Sudan government in cooperation with FAO, carried out the 
Savannah Development project for reconnaissance of land and water 
resources in the southern part of the Blue Nile. For this, FAO requested 
images for that part of the area and obtained by land sat–1 during August 
1972 to March 1973. 
It appears that the impact of vegetation cover loss on the environment and 
the resource in Sudan highlights the importance of remote sensing as an 
efficient tool for surveying and mapping. Land degradation is an important 
environmental problem facing the arid and semi arid areas in Sudan.  
Preliminary ecological studies in the Blue Nile signaled clear indication 
that the region has been facing considerable degradation problems. Short 
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or prolong drought years which locally known as “ Mahall “ (bad years) 
are experienced in mid central and Northern Sudan, cause serious 
degradation of natural resources including quantitative as well as 
qualitative degradation.  
An integrated study of desertification, application of remote sensing, GIS 
and spatial models in semi-arid Sudan was tackled by Olsson (1985). The 
study aimed to develop methodology for integration of sensing data with 
ancillary data in raster as well as vectors format, in geographical 
information system, and to apply the methodology to the study of 
desertification in semi–arid Sudan. Severe decrease in agricultural crop 
yield and the impossibility process of environmental degradation are 
detected.  
Ahlcorona (1988) applied remote sensing for the study of impact of 
climate and man on the land transformation in Central Sudan. The 
implication of the study was that the major impact on the lands biological 
productivity has been caused by climatic factors and not by the man. The 
only observed indication of man–made land degradation is a qualitative 
deterioration of vegetation. Also it is indicated that the very dry period 
which commenced in 1966, may constitute a medium–termed climatic 
change towards drier condition. 
Ali (1996), assessed and mapped desertification in Western part of Sudan 
using NDVI images created from AVHRR sensor on board NOAA satellite 
and GIS. He stated that remotely sensed data gave good indicators of 
vegetation degradation throughout the period 1982 – 1994 from of the 
image map. Fadul and Osman (1996), using remote sensing data of SPOT 
and TM images conducted a detailed reconnaissance soil survey and land 
evaluation of Khartoum State. They stated that the agricultural potential of 
about 85.4% is suitable for agriculture and 14.6 % unsuitable. From the 
١٩ 
 
above reviewers, it is evident that remote sensing has a significatant role in 
monitoring the land degradation.  
GIS Technology is being increasingly used for a host of applications. One 
of the key areas of application is monitoring the environmental degradation 
brought out by an increase in the anthropogenic activities resulting in the 
removal of the forest cover.  
2.9 Research in the land-use and land-cover  
Time series remote sensing imagery has been particularly valuable for this 
kind of research because conversion of forested land to other uses is, in 
comparison to other conversions (e.g. residential to commercial uses, or 
cropland to pasture land), fairly easy to detect. The most widespread 
application is simply to monitor the amount and rates of forest cover 
change between two time periods (Forest Resources Assessment of the 
FAO 2005).  
To qualify as a social science application, there needs to be some attention 
paid to the social determinants of deforestation, and not simply the rates of 
deforestation. This generally entails the combined analysis of remote 
sensing and socioeconomic data. One approach has been to combine 
census data collected by administrative units with data from remote 
sensing satellites. For example, Wood and Skole (1998) used census data 
based on administrative units (municipios) in the Brazilian Amazon, 
together with forest cover change terms aggregated to those units, to 
identify and rank, in importance, the socioeconomic and demographic 
variables associated with forest clearing.  
Pfaff (1999) combined aggregated forest cover change terms from remote 
sensing data and included both population and economic variables in his 
analysis of deforestation in the Amazon. The major empirical finding was 
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the importance of land characteristics (soil quality and vegetation density) 
and factors affecting transportation costs in determining deforestation 
rates. Government development projects also appear to have an effect on 
deforestation, but access to credit and banking infrastructure does not. As 
with Wood and Skole (1998), Pfaff's (1999) analysis did not find that 
population density per se had a significant effect on deforestation rates.  
One problem with utilizing available data sets from census and other 
sources is that researchers might miss important causal variables that are 
not included in public data sources. Wood and Skole (1998) explored this 
issue, and suggest that one approach is to use models based on agricultural 
and population census data, and then to visit administrative units that are 
outliers in the model to identify what explanatory variables might be 
missing from their models. In this way the predictive model can be made 
more robust.  
Another problem with using public source data is that, for confidentiality 
reasons, such data are usually aggregated to standard administrative units 
such as county or census tract. In order for the social science and remote 
sensing data to correspond to one another, the remote sensing data need to 
be aggregated and analyzed at the same level (Rindfuss et al, 2001). This 
means that researchers lose the ability to pinpoint causal variables at a 
finer scale, such as decisions made by individual land holders or 
communities, to that particular pixel or group of pixels. In an ideal world, 
one would seek a much closer spatial congruence between the independent 
variable (e.g., the socioeconomic determinants) and the land cover changes 
occurring at the smallest spatial units available (e.g., the 30 m resolution of 
a Land sat TM pixel).  
To address these problems, research has to invest significant resources in 
farm property and household level surveys, which then are linked to 
remote sensing imagery at either the same or higher levels. If the location 
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of household plots are spatially registered using a global positioning 
satellite (GPS) unit, then linking this to the survey data and to spatial 
coordinates in the remote sensing image is relatively straight forward. This 
general approach has been used by Moran and Brondizio (1998) and 
McCracken et al. (1999) in the Brazilian Amazon; by Walsh et al. (2002) 
in the Ecuadorian Amazon; by South worth and Tucker (2001) in 
Honduras; and by Entwistle et al. (1998) and Rindfuss et al. (2002) in 
Thailand.  
In some of these studies the remote sensing imagery itself is used to 
identify the potentially fruitful areas for field research. They choose Land 
sat scenes in which there was an identifiable soil and vegetation gradient, 
and with representative patterns of land use and population distribution.  
They then sampled within those scenes, choosing locations then going to 
the field to conduct detailed surveys of soil, vegetation and household 
characteristics. In this way it is possible to discover high correspondence 
economically important land uses that would have been invisible to a pure 
remote sensing image interpretation.  
In some studies of anthropological origin (McCracken et al. 1999), 
analysis at the property level found patterns of land-cover classes that 
reflect differences in livelihood strategies of households. The overlay itself 
represented an integration of social data (property lines) with biophysical 
parameters (forest cover). This was supplemented with surveys of plots 
where unusual patterns were found. Through this work differences in land 
use patterns based on the life-cycle of the household (from young, nuclear 
families to older, intergenerational families) are observed. 
Younger families tend to clear land at higher rates initially, and to maintain 
more land in annual crops, moving eventually into combinations of 
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cropping and animal husbandry (grazing), whereas older, more established 
families have a more diversified portfolio of land uses. Furthermore, there 
is an important interaction between the life cycle and the initial conditions 
of soil fertility, with the families on richer soils having a more diversified 
portfolio than those on very poor soils. Thus, it is the interaction of 
demographic and biophysical variables that plays a significant role in the 
level of diversification of portfolios.  
Walsh et al. (2002), utilized longitudinal survey data (1990 and 1999) 
coupled with remote sensing imagery (Landsat, SAR, and IKONOS) and 
GIS data layers of biophysical factors and transportation infrastructure to 
identify the determinants of agricultural extensification into the Ecuadorian 
and Amazon, and to model future land-cover change. The strength of their 
research rests upon the longitudinal approach. The 1990 sample included 
419 settler plots. These plots were revisited in 1999, and with the addition 
of sub-divisions and new households, the sample size grew to 767 farms 
plus another 109 peri-urban parcels. Unlike McCracken et al. 1999, the 
data on land cover characteristics for the parcels were not derived from 
remote sensing imagery, but from the farm-level surveys. The remote 
sensing data were used primarily to measure landscape-level changes in 
land cover, and to generate pattern metrics using Fragstats.  
As an indication of the rate of deforestation, in 1986 one-half of the 
landscape was still under high density forest cover; by 1996 the proportion 
was only one-third. Based on the survey data, they found that plots more 
distant from roads and in hillier terrain generally had a higher proportion 
forested. Household labor and presence of hired labor both had a negative 
effect on forest cover, while off-farm employment had a positive effect on 
forest cover. This rich data set also provides windows into livelihood 
strategies and a myriad of other research questions.  
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Southworth and Tucker's (2001) analysis in the county of La Campa in 
western Honduras combined 113 household surveys, 79 forest plot 
inventories, remote sensing for two dates (1987 and 1996) and 131 training 
samples (observations of land cover selected on the basis of image 
analysis). The remote sensing analysis revealed a net trend of reforestation. 
This was due in part to a county-wide ban on logging, conversion of 
communal lands to private holdings, and intensification of agriculture with 
simultaneous abandonment of less productive subsistence plots. 
Spatial factors such as topography and accessibility to road networks 
played a significant role in determining forest cover change. Although the 
remote sensing data were not linked to individual plots in this analysis, the 
household surveys provided important contextual information that assisted 
significantly in the analysis of the land-cover change data. The authors 
suggest that the reforestation trend in La Campa may in fact be 
transitional--privatization of land by a wealthier minority combined with 
population growth and trends towards market-oriented agricultural 
production (especially coffee) may increase pressures on remaining 
communal forest resources in the future.  
Entwisle et al. (1998) linked household survey data for communities to 
remote sensing imagery for the areas surrounding Nan Rong, a community 
in Thailand. At a first stage in their research, this community- rather than 
household-based approach was necessary because, unlike the Amazon, 
farmers tend to reside in clustered villages to walk to fields, which are 
dispersed in a patchwork around the villages. At a later stage, they invested 
considerable effort at one of their study sites in linking households to 
specific, georeferenced plots of land through utilization of maps based on 
remote sensing imagery and household and community interviews 
(Rindfuss et al. 2002). The research provides powerful insights into 
household decisions regarding land use.  
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There have been fewer attempts to link remote sensing and socioeconomic 
data for the study of other land-cover conversions, e.g. from productive 
subsistence agricultural land to "degraded" land, or from natural vegetation 
and agriculture to urban land uses. Xu et al. (2000) studied the impact of 
urbanization on arable lands in Fujian Province using a combination of 
remote sensing, census and economic data. They conclude that the region's 
rapidly growing economy was primarily responsible for the growth in 
urban extent by 75 % during the period 1990-1996.  
Millington et al. (1999) utilized Landsat TM and MSS imagery from 1972 
through 1992 to analyze land use in an arid to semi-arid region in northern 
Jordan. Their time series data showed a distinct increase in the amount of 
rain fed and irrigated cultivation over the time period, which in turn was 
linked to population increases and government policies. They note that 
identification of rain fed fields was made more difficult by the spectral 
similarity between these and stone-strewn lava-flow surfaces and 
rangelands.  
There has been some attention to the link between the social processes of 
deforestation and the spatial patterns of deforestation that appear on the 
ground. Geist and Lambin (2001) summarized the research in the area of 
land sat and deforestation based on a statistical analysis of deforestation 
case studies. The results of their analysis showed maps, the geometric 
pattern of deforestation to be commonly associated with large-scale 
clearing for commercial agriculture, large scale pasture, or industrial 
forestry plantation settlements.  
The Deforestation Patten occurs in relation to spatial patterns of 
interventions such as periurban areas of deforestation semi-urban or urban 
settlements in forested areas. The patchy pattern is commonly related to 
high population density areas with residual forest patches, and is 
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associated with permanent cultivation of food and to a lesser degree cash-
crop production. The diffuse pattern is associated with traditional, small-
holder subsistence agriculture, and in particular shifting cultivation and 
permanent cultivation by small holders. 
2.10 Remote sensing application 
Remote sensing application has come useful in vegetation studies and 
cover detection. 
2.10.1 Image Interpretation 
Image Interpretation is the examination of image with the help of other 
supporting materials such as maps and reports of field observation. The 
interpretation is made to the physical nature of objects appearing in the 
images. Training and experience of the interpreters, the nature of the object 
being interpreted, and the quality of image being utilized are important 
factors of interpretation. 
However, most interpretations consider basic characteristics or versions of 
features shown in images, and include shape, size, pattern, shadow, tone, 
texture and site. 
2.10.2 Image Structure 
Image consists of tiny, equal areas, or picture elements (pixels) each of 
them has x and y coordinates system plus numerical value called digital 
number (DN). The pixel records the intensity of electromagnetic energy, 
measured for the ground resolution cell represented by that pixel. Digital 
numbers range from zero to 256 on grey scale (Jensen, 1996). 
2.10.3 Digital Image Processing 
Jensen, (2000) defined the digital image processing as “fundamental 
methods of rectifying the remotely sensed data to map projection, 
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enhancing the data, classifying the data into land use and land cover, and 
identifying change between dates of imagery”.  
2.10.4 Geometric Corrections 
Sabins and Floyd, (1986) and Jensen, (1996) stated that, none systematic 
distortions can be corrected by employing geographic features on the 
images called ground control points (GCPs), whose positions are known. 
Difference between actual GCP locations and their positions in the images 
are used to determine the geographic transformation required to restore the 
image. The original pixels are resampled to match the corrected using data 
from platform and knowledge of internal sensor distortion. 
2.10.5 Image Enhancement 
Image enhancement is the modification of an image to alter their impact on 
the viewer. Jensen, (1996) reported that, image enhancement algorithms 
are applied to remotely sensed data to improve the appearance of an image 
for human visual analysis or occasionally for subsequent machine analysis. 
2.10.6 Contrast Stretch 
Jensen, (1996) stated that, it is a processing to expand the original input 
brightness, values to make use of the total range or sensitivity of the output 
device. 
2.10.7 Filtering 
Digital filter might remove random noise to individual pixels with Digital 
Numbers (DNs) higher or lower than the surrounding ones.  
2.10.8 Digital Image Classification 
Image classification is defined as the process of sorting pixels into a finite 
number of classes or categories of data (ERDAS, 1982). Normally multi 
spectral data are used to perform classification and the spectral pattern 
present within the data for each pixel is used as the numerical basis for 
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categorization (Lillesand and Kiefer, 1994). Two approaches are generally 
known: supervised and non-supervised classification. In the former case a 
priori knowledge of the study area and the different classes is needed to 
establish training areas that represent each category. The latter involves 
algorithms that examines unknown pixels in an image and aggregates them 
into a number of classes based on the natural groupings or clusters 
presented in the image values (Lillesand and Kiefer, 1994). 
2.11 Global Positioning System (GPS) 
The global positioning system is a satellite based positioning and 
navigation system for obtaining quantitied data on location in a terrain 
(ITC, 1997). It is also used in combination with the (GIS) for a wide range 
of application, such as selection of ground control points (GCPs). The 
heart of the GPS consists of 21 satellites and three spares circling the earth 
twice daily. These satellites are continuously sending signals that can be 
received with antenna. Because it is exactly known at what time the signal 
is sent from the satellite and at what time it is received by the receiver, the 
difference in time can be calculated. This difference is then used to 
compute the distance between the satellite and the receiver given the 
known travel speed of signal. A code is sent together with the signal, 
giving the exact location parameters of the satellites (ITC, 1997). 
2.12 Geographic Information System (GIS)  
GIS is a special-purpose digital database in which a common spatial 
coordinate system is the primary means of reference. Comprehensive GIS 
require a means of: 
• Data input, from maps, aerial photos, satellites, surveys and other 
sources. 
• Data storage, retrieval and query. 
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• Data transformation, analysis and modeling including spatial 
statistics. 
• Data reporting, such as maps, reports and plans. 
Three observations should be made about this definition:  
• First, GIS are related to other database applications, but with an 
important difference. All information in a GIS is linked to a spatial 
reference. Other databases may contain location information (such 
as street addresses, or zip codes), but a GIS database uses geo- 
references as the primary means of storing and accessing 
information. 
•   Second, GIS, integrated technology. Whereas other technologies 
might be used only to analyzed aerial photographs and satellite 
images, to create statistical models, or draft maps. These 
capabilities are all offered together within a comprehensive GIS. 
•  Third, GIS, with its array of functions, should be viewed as a 
process rather than as merely software or hardware. GIS are for 
making decisions. The way in which data is entered, stored and 
analyzed within a GIS must mirror the way information will be 
used for a specific research or decision- making task. To see GIS, 
as merely software or a hardware system is to miss the crucial role 
it can play in a comprehensive decision-making process. 
(www.gis.com/whatisgis/index.html). 
2.13 ERADS Imagine 
Imagery is far more than pictures of the earth’s surface. It is a valuable 
source of data that captures actual events at specific time and places in the 
world so that one can study how the earth changes over time. ERDAS 
IMAGINE gives the tools to manipulate and understand this data. 
(www.gis.leica-geosystems.com). 
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2.13.1 A comprehensive Toolbox 
ERDAS IMAGINE is a broad collection of software tools designed 
specifically to process imagery. It allows one to extract data from images 
like a seasoned professional, regardless of one’s experience or education. 
2.13.2 Easy to use 
IMAGINE both simplify and streamline the workflow. It also allows the 
possibility to keep in-house many of functions needed to outsource before. 
2.14 UTM 
The UTM projection divides the earth from latitude 84º N and 80º S and 
latitudes in 60 numbered vertical zones that are 6 degrees of longitude 
wide, (http://erg.usgs.gov/isb/pubs/factsheets/fs07701.html). 
2.15 Multi-date Visual Composite Image Change Detection 
This technique is a quick and efficient method of displaying changes 
between similar images of differing dates. It uses a simple unsupervised 
classification on two combined images. The areas that have changed will 
result in different classification statistics or colour than the areas that have 
not changed. The technique is not used for quantitative purpose, it provides 
little information on “from-to” class changes and can be difficult to label 
the changed classes. However, this technique is particularly useful as an 
exploratory method for identifying areas that have changed. 
A second method for accomplishing this change detection is the Principal 
Components Analysis (PCA). This technique is a multivariate statistical 
technique that is used for the purpose of data reduction. The two images 
must be placed within the same planimetric base map and same database. 
PCA is applied to reduce the number of spectral components by 
identifying the uncorrelated principal components that explain the most 
variance. These principal components are representative of the new 
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database of which several are usually directly related to change. This 
method does not provide "from-to" change class information and may be 
difficult to label the changed classes. However, this method is widely used 
and convenient as only one classification is necessary. 
2.16 Post-Classification Change Detection 
This method avoids problems encountered at the pixel level (such as 
shadows and reflections) and requires both images to be individually 
rectified and classified before they can be compared pixel by pixel (Jensen, 
1996). This pixel-by-pixel comparison is accomplished using a change 
detection matrix. Care must be taken to ensure that both classifications are 
as accurate as possible since any error that occurs in the classification will 
be carried over into the change detection. 
This method avoids good "from-to" information and results in a base map 
that can be used for the next year. It identifies where the change has 
occurred and how much change has occurred. However, producing a 
change map based on two classifications requires a little more ground 
work and the final change classification is only as the product of 
multiplying the accuracies of each individual classification (Stow et al. 
1980). 
2.17 Manual, on Screen Digitization of Change 
On screen digitization is accomplished in the same fashion as photo- 
interpretation, where two images (or photographs) are registered to a 
common base map and visually compared to manually identified changes 
based on size, shape, shadow and texture (Jensen,1996). This method is 
often the most feasible method for change detection, especially when other 
techniques fail to accurately identify changes. 
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2.18 Spectral Change Vector Analysis (SCVA) 
This technique uses change vectors to describe the direction and magnitude 
of the difference in pixel values between dates. A change has occurred if 
the vector surpasses a specific threshold value. The type of change that has 
occurred can determine the angle direction of the change vector. The type 
of change is then placed on a black and white base map of the region and 
the changed pixels are colour coded according to their directions 
(Michalek et al. 2003). 
Change vector analysis can indicate the relative magnitude and direction of 
the change. It can make use of both the spectral and temporal dimensions 
of the data and can analyze data in all the layers and process any number 
of spectral bands. This last feature is particularly useful because not all 
changes are easily identified in any band or spectral feature (Michalek et 
al. 1993). 
Despite the benefits of the change vector analysis, (Chen et al. 2003) 
summarize a few drawbacks of this technique. Specifically, the image 
radiometry is particularly sensitive to the sensor system and environmental 
disturbance factors previously discussed. There is no automatic method for 
effectively determining the threshold between the change and no-change 
pixels. It is also difficult to discern between different phenomenological 
types of change when the number of bands involved in the change 
direction is large. In addition when TM data is used in a CVA, substantial 
changes need to occur before they will be detected (Michalek et al. 1993).  
The CVA is valuable as a tool for locating areas of suspected habitat 
change for purpose of focusing more intensive field survey techniques 
(Michalek et al. 1993). It is also a more cost efficient and effective method 
for detecting change over large areas than other techniques (Michalek et al. 
1993).   
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2.19 Applications 
Change detection has many applications ranging from vegetation mapping, 
timber harvesting plans, urban sprawl detection, flood monitoring, mining 
and natural disaster damage assessment. Specifically, change detection is 
used in agriculture for predicting crop yields and for global monitoring of 
food and fiber production (Cracknell et al. 1991). Forestry applications 
include inventory updating as well as fire and damage detection. The 
United Nations Food and Agriculture Organization has been using the 
change detection on satellite imagery since early 1980’s for the purpose of 
monitoring global changes in the forest conditions. 
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CHAPTER 3 
Study Area 
3.1 General 
The study area covers the forest land in singa area; the (dahara forest) are 
selected to represent the study area, extending west and east of the Blue 
Nile between singa and abu hugar. The area covers the forest reserve 
Okalma and the surrounding area out side the reserve. The total area is 
54872.7 ha.  
3.2 Location 
The study area is located in the fung region of the Sennar State, between 
latitudes12°,5 ̀ -14°, 7 ̀ N and longitudes 35°, 42̀- 42°, 58 ̀ E (Figure 3.1),  the 
northern boundary of the area is about 307 kilometers south of Khartoum 
the capital of the Sudan. The total area of Sennar State is 40680 km² 
equivalent to (9,700,000 feddan) equal to (4073918.52 hectares). 
3.3 Climate 
The climate of the area generally taken on average as being like the 
climate of the southern Blue Nile. It is usually characterized by maximum 
annual temperature of 41°C. All the area falls within the savannah region 
characterized by short rainy season and longer dry period.  
3.3.1 Temperature 
The area is characterized by cold dry weather from November to February 
and hot dry weather from March to June.  The mean daily maximum 
temperature is lower in January (about 30° C day temperature) and highest 
in May (about 41° C day temperature). 
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Figure 3.1 The study area  
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The mean daily minimum is lowest in January (about 13-14°C night 
temperature) and highest in May (about 24-25° C night temperature). It 
means that January is the coolest and May the hottest months. 
3.3.2 Relative humidity 
The relative humidity trend is influenced by the temperature and rainfall, 
reaching its maximum in August and minimum in April-May, with the 
highest value (70-80%) in August and the lowest (8-9%) in April. 
3.3.3 Rainfall 
The rainy season starts in June and ends in October with a savannah type 
of distribution having its peak in August. Occasional light showers fall in 
May. Okalma forest falls within the savannah region characterized by 
average annual of 550-620 mm. 
3.4 Winds 
During the rainy season, the prevailing winds are from the south east and 
during the dry season from the north to east. 
3.5 Soil 
The soils of the area are recent, immature alluvial deposits. They are called 
(montmorillonitic clays) that have the property of swelling when 
moistened and contracting when dry to form cracks up to one meter deep. 
3.6 Topography 
The topography is more or less flat featureless plain with a gentle slope 
from south to north, with a few shallow temporary water courses. Altitude 
above sea level ranges from about 465m to 565m. 
3.7 Geology 
Geologically the area is described as middle protrusion undifferentiated 
basement complex. The underlying geological formation of the whole area 
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is the Nubian series. The topography of the terrain is generally flat the 
shallow basins in the area are considered as old meander channel of the 
river, which has been cut off. The basins are generally flatter in the 
northern part of the area. In the southern part are better defined and deep, 
(Elsiddig, 1980). 
3.8 Population 
The study area is inhabited by a number of tribes'; some are of Arabic 
origin mainly (Masalit - Arakiin), and others are from African origin 
(Felata, Nuba, kenana, galeen and shulok).  
3.9 Vegetation cover 
The vegetation in the Riverain forest is Acacia nilotica (Sunt) in the major 
area. Normally fringing the pure Acacia nilotica stands on gerf land, on the 
karab side Sunt gives way to less moisture demanding species. These 
species are Acacia seyal (Talh), Balanites aegyptiaca (higlig), Acacia 
nubica (laot) and faidherbia albida (Haraz). The Acacia seyal (Talh) and 
Balanites aegyptiaca (higlig) association forms the primary mixture in the 
natural forests of the clay plain east and west of the Blue Nile. These two 
species dominate the composition associated by other acacias. The 
majority of species constitute a source of many benefits to the local 
communities. Trees provide food, fodder, wood and shelter to human and 
animals. 
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CHAPTER 4 
Martials and methods 
4.1 General overview 
In this study, two types of data were collected constituting the necessary 
information, namely; primary data and secondary data. The source of the 
secondary data includes FNC documents, files, projects documents, and 
annual reports. The primary data were principally collected based on remote 
sensing images and questionnaire. 
4.2 Remote sensing  
The present study utilizes data based on remote sensing images taken 1987, 
1996 and 1999.  A GPS survey was conducted by visiting the points in the 
field and determining the classification of points in images. 
The processing in this research work is divided into two steps; gathering and 
analyzing the remote sensing data as well as field observations. Data in 
form of satellite imageries were analyzed qualitatively (visual 
interpretation) and quantitatively (information is extracted by the aid of 
computer.) The combination of both classification methods and spectral 
change detection techniques were used. The main stage in this work was 
presented below.  
Sufficient ground control points (GCPS) were used to verify the 
classification and also to observe and record the vegetation composition and 
land use types.      
4.3 Selection of the satellite imagery 
Three cloud free Landsat TM and ETM scenes covering the study area were 
selected for the analysis. The Three images were acquired on 27/October 
1987 (Figure 4.1), 1/November 1996 (Figure 4.2) and 13/November 1999 
(Figure 4.3). The TM and ETM data have been acquired simultaneously in 
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seven and nine spectral bands respectively. The characteristics of TM and 
ETM bands are suitable for detecting and monitoring the biotic as well as 
the non – biotic types of natural resources. According to Lillesand and 
Kaifer (2000), as well as Campbell (1996) TM band 1 is useful for soil 
vegetation. TM band 2 detects green reflectance for healthy vegetation and 
band 3 is designed for detecting chlorophyll absorption in vegetation. 
Figure 4.1 subset image of landsat in 1987  
LANDSAT IMAGE OF (ETM)  
AQUISITION DATA: 1996-11-1  
PATH: 172  
ROW: 51  
LANDSAT IMAGE OF (ETM)  
AQUISITION DATA: 1987-10-
27 
PATH: 172  
ROW: 51  
Figure 4.2 subset image of landsat in 1996  
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Figure 4.3 subset image of landsat in 1999 
Table 4.1 Instrument of ETM and TM image  
 
 
 
ETM+ TM INSTRUMENT 
7 landsat 4 or 5 landsat Landsat 
١٩٩٩ + ١٩٩٦  ١٩٨٧ Data 
172-51 172-51 Path /row no 
9 bands 7 bands Spectral bands (µm) 
" 1- 0.45 – 0.52 (Blue) - 
" 2- 0.52 – 0.60 (Green) - 
" 3- 0.63 – 0.69 (Red) - 
" 4- 0.76 – 0.90 (near 
IR) 
- 
" 5- 1.55 – 1.75 (mid IR) - 
" 7- 2.08 – 2.35 (mid IR) - 
" 6- 10.4 – 12.5 
(thermal) 
- 
30m by 30m 
(with30m by 
30m plus 0.52 
– 0.90 
(panchromatic) 
15m by 
30m by 30m (only 
band 6 is 120 by 120) 
Ground resolution 
8 8 Dynamic range (bits) 
 
LANDSAT IMAGE OF (ETM)  
AQUISITION DATA: 1999-11-
13 
PATH: 172  
ROW: 51  
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4.4 Remote sensing image analysis 
 In order to assess the land use change in the study area, two procedures of 
image preparation are generally employed. These are presented below. 
4.5 Digital image processing 
A digital image is a sampled quantized numeric representation of the 
scenes. In remote sensing digital image processing historically stems from 
two principal application areas, the improvement of the information for 
human interpretation and the processing of image data for computer 
assisted interpretation. The whole task of digital image processing revolves 
around increasing spectral seperability of the objects on the image. 
Accordingly, the following task is performed on both images (1987, 1999). 
4.6 Image enhancement 
These procedures are applied to image data in order to more effectively 
display or record the data for subsequent visual interpretation. Normally, 
image enhancement involves techniques for increasing the visual 
distinction between features in the scene. Accordingly, the spectral 
enhancement has been performed on both images of 1987 and 1999 
throughout most of the classification and interpretation steps. An RGB 
combination has been utilized frequently. It means that the band composite 
image with band, 4 (N-IR) with green and band 7 (red) with blue color 
have been developed. 
4.7 Information extraction 
The aim of this procedure is to utilize the decision of digital spectral and 
(or) texture signatures. The following information has been extracted from 
the two satellite images. 
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4.8 Normalized Difference Vegetation Index (NDVI) 
The development of indices from red and near–infrared multi-spectral 
values is based on the differential absorption and reflectance of solar 
energy by green vegetation. The most extended vegetation index is NDVI 
(Normalized Difference Vegetation Index). NDVI is contrasting intense 
chlorophyll 11 pigments absorption in red against the high reflectivity 
plant materials in the NIR (Tucker, 1978). The computation of NDVI is 
applied using the following formula:  
NDVI= (near IR – visible red) / (near IR+ visible red) or (TMB4- TMB3)/ 
(TMB4+ TMB3). 
The NDVI is highly correlated with green biomass, leaf area index and 
other vegetation parameters (Tucker, 1976). Time series of band ratio and 
NDVI images may be subtracted to provide difference images. 
4.9 Image classification 
The overall objective of images classification procedure is to categorize all 
pixels in an image into land covers classes or themes. Usually each pixel is 
treated as an individual unit composed of values in several spectral bands. 
Thus, the classification requirement is the multi-spectral data and spectral 
pattern for each pixel as numerical basis for categorization. Remote 
sensing image data may be classified either supervised or unsupervised 
classification.  
The study used the supervised classification with combination of three 
bands (band 5, 4 and 3) and supervised selected of training samples, 
respectively, for the specific land cover classes in addition to the NDVI 
channel. Pixels of these training samples provide spectral characteristic for 
the following supervised classification of the whole image. The 
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classification provides numerical interpretation key that describes the 
spectral attributes for each feature in the AOI (Area of interest). 
The spectral qualities of pixels in data set are then numerically compared 
to each category and labeled with name of land cover. Accordingly, land 
cover classified to nine classes, characterizes the vegetation cover related 
to different soil types in the study area. The classes include vegetated and 
vegetated cover.  
4.10 Change detection analysis 
There are many well developed techniques for land cover change detection 
using the digital remotely sensed imagery. The nature of digital data allows 
greater comparison. 
Change detection analysis approaches can be broadly divided into either 
post classification change methods or pre-classification spectral. In this 
study the two approaches of change detection were applied. Firstly, before 
applying any of these methods, the images from two dates are compared 
visually on screen and spectral signatures were selected respectively. 
Various color band combination and spectral enhancement methods were 
applied to highlight land cover types of interest. The function available in 
software ERADS provides a possibility of this visual analysis. 
4.11 The post-classification comparison 
Post classification caparison is a simple way of discriminating changes 
between two dates of imagery. It is common application in land cover 
change analysis to use bi-temporal imageries of the same region of interest. 
After classifieing two images by visual interpretation, two masked images 
have been formed. The capability of software ALIWIS permits the cross 
classification of the two images. The new image in which the change was 
depicted and thus unchanged pixels have been created.  
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The output is presented within the cross tabulation matrix that explains the 
distribution of images pixels between the classes. Regarding this matrix, 
the X-axis displayed the classes of year 1987, while in the Y-axis, the 
same classes of year 1999, were presented. The pixels corresponding to 
stable areas appeared in the diagonal entries of the matrix. Off-diagonal 
points of the matrix indicate areas that have changed to another land cover 
class. 
4.12 Data collection 
A questionnaire was conducted involving respondents from the villages in the 
forest areas to investigate the awareness of the villagers about forest degradation 
and people perception towards the management of the forests and their 
willingness to participate in the rehabilitation and management of the forests.   
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CHAPTER 5  
Results and discussion 
5.1 Introduction to Remote Sensing results  
Singh (1987) described change detection as a process which observes the 
differences of an object or phenomenon at different times. This means that 
it is a useful technique in detection of the change dynamics of land features 
including natural resources. From this view point this study developed a 
procedure for assessment and evaluation of land use/land cover of Okalma 
forest settlement for the period 1987 - 1999. The change detection 
assessment was based on special statistics generated from supervised 
classification of spatial and temporal data using images for ETM 1987, TM 
1996 and the data of TM 1999. Furthermore pixel-by-pixel image 
comparison and "cross-tabulation matrix" algorithms of ERDAS 
IMAGINE software package were used as post-classification tools to 
verify the change process.  
5.2 Change detection and Assessment 
Land use / land cover of Okalma forest settlement has been detected from 
the statistical findings of the supervised classification of bi-temporal 
imagery (ETM 1987, TM 1996 and TM 1999). The total area of coverage 
data is 54872.8 ha for the ETM 1987 TM 1996 and TM 1999 (Table 5.1). 
By comparing the classification output of the three images, table (5.1) 
shows the forest and other land use categories change over the period 1987 
to 1999.  Taking the period (1987 to 1996) and the period (1996 to 1999) 
the forest area increased from 9468.7 ha in 1987 to 14678.0 ha in 1996 
resulting in an increase of 5209.3 ha equivalent to 9.4% of the total area of 
the land under study. However the forest cover decreased to 4233.7 ha 
between (1996 to 1999) resulting in loss of 10444.3 ha, equivalent to 
18.9% of the total area under study. 
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Table 5.1 Classification of ETM 1987, TM 1996 and TM 1996 Land cover 
/ Land use in the study area by (ha) 
1987 1996 1999 CLASSES Area/ha % Area/ha % Area/ha % 
Forest 9468.7 17.3% 14678.0 26.7% 4233.7 7.8% 
Shrubs and 
trees 20877.8 38.0% 18131.0 33.0% 19473.5 35.5%
Agricultural 
land 19444.2 35.4% 16698.5 30.4% 24754.4 45.1%
Bare land 5082.1 9.2% 5365.2 9.8% 6411.3 11.7%
Total 54872.8 100% 54872.8 100% 54872.8 100%
 
Expressed in percent change, the forest cover in 1987 was 17.3% of the 
total study area (Table 5.1); increased to 26% in 1996 but decreased to 
7.8% in 1999. Over the period of the thirteen years from 1987 to 1999 
there was a general trend of decrease in forest cover indicating a decline 
from 17.3% to 7.8% of the total land of the study area.  
In okalma forest reserve shrubs and trees area decreased from 20877.8 ha 
equivalent to 38.0% in 1987 to 18131.0 ha equivalent to 33.0% in 1996 
resulting in a decrease of 2746.7 ha. However, area of shrubs and trees 
increased to 19473.4 ha equivalent to 35.5% in 1999 resulting in an 
increase of 1342.5 ha between 1996 to 1999. 
Taking the two land categories (forest) and (scattered trees and shrubs) 
combined as forest and trees cover, their total area in 1987 was 30346.5 ha 
equivalent to 55.3% of the total area under study. Between 1987 and 1999 
the area decreased to 23707.2 ha, equivalent to 43.2% indicating a loss of 
12.1% of the two categories. However, the forest land witnessed greater 
loss than the area of scattered trees and shrubs (Table 5.1).        
Agricultural land and bare land, on the other hand, are both increasing in 
area from 35.4% to 45.1% and 9.2% to 11.7% respectively over the period 
1987 to 1999. Agricultural land area was 19444.2 ha in 1987, 16698.5 ha 
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in 1996 and 24754.4 ha in 1999 equivalent to 35.4%, 30.4% and 45.1% of 
the total area respectively. Bare land areas increased from 5082.1 ha in 
1987 (9.2% of total study area) to 5365.3 ha in 1996 (9.8% of total land of 
study area) resulting in an increase of 283.2 ha equivalent to 0.6% of the 
total land of the study area. Bare land increased to 6411.3 ha (11.7% of 
total land of the study area) in 1999 resulting in an increase of 1046.0 ha 
equivalent to 2.5% of the total land of the study during the period 1987 - 
1999. 
Although the combined area of (forest + shrubs and trees) in 1987was 
30346.5 ha (55.3% of the total area) was greater than the combined area of 
(agriculture + bare land ), and 24526.3 ha (44.7%of total land area) 
respectively, the situation was changed in year 1999 as the (forest + shrubs 
and trees ) decreased to 23707.7 ha (42.3% of total area while the 
(agriculture and bare land) increased to 31165.7 ha (56.8% of total land 
area).  
The results indicate that there is a trend of increasing area of agricultural 
and bare land at the expense of forest and tree cover. The temporary 
increase of forest and tree cover and decrease in agricultural land during 
the period 1987 to 1996 could be attributed to factors affecting negatively 
agricultural development. 
Figure (5.1) reflects the strong link between the different land use 
categories as it indicates the increase in forest cover as agricultural land 
area was decreasing between 1987 to 1996 while showing a sharp decline 
in forest cover as other land use area was increasing, particularly 
agriculture. 
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Figure 5.1 Trends in Land Use/ Land Cover Classes 1987, 1996 and 1999   
5.3 Extent of forest cover   
The comparison between land use categories obtained from the 
classification of imagery ETM 1987, TM 1996 and 1999, indicates that 
land use /land cover of the study area showed marked changes during the 
period from 1987 to 1996 and to 1999. However, it seems necessary to use 
some biological indicators to evaluate the extent of change of forest land 
and other land categories when displayed in maps at the specific times 
1987, 1996 and 1999.  
Observation of forest cover extent explained by figure 5.2 to 5.4 indicates 
that the forest cover is spatially changing from large tracts (figure 5.2) to 
fragmented forest land (Figure 5.4). The sharp decline in forest area 
between 1996 to 1999 and conversion of forest lands into fragments is 
clearly indicated by figure 5.4. Some factors might have occurred to result 
in increase of the area of the forest land between 1987 to 1996 towards the 
southern part of the study area as indicated by figure 5.4 when compared 
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with figure 5.2 and 5.3. Agricultural land is decreasing while forest land is 
increasing and vise versa.  
The extent of forest cover change is used as indicator to verify the criteria 
of forest health, vigor and productivity. Figure 5.2 and figure 5.3 show a 
state of large forest tracts in the study area. Figure 5.4, on the other hand, 
is an indicator of fragmentation of forest cover extent indicating loss of 
forest and reduction of productivity.  
Elaborated by: 
Alyass Daak  
candidate .MSc  
U of K 
Faculty of Forestry  
Figure 5.2 Supervised classification map of ETM Landsat data 1987    
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Figure 5.3 Supervised classification map of TM Landsat data 1996   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.4 Supervised classification map of TM Landsat data 1999 
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5.4 Net change  
Table 5.1 and figure 5.1 show the total net change in forest cover whether 
between 1987 to 1996 or 1996 to 1999. The results also indicate the net 
deforestation. 
The forest area detected between two points of time is not usually a 
sustainably existing forest cover.. Tables 5.2, 5.3, and 5.4 show the total 
net changes for the different land use categories during the period 1987 to 
1996; 1996 to 1999 and 1987 to 1999, in Table 5.2 percent of average 
annual change is also collated.       
Table 5.2 Land Use/ Land Cover dynamic change area 1987-1996 
CLASSES 
Area in  
1987 
(ha) 
Area in 
1996 
(ha) 
Total net 
change 
(ha) 
Total 
net 
Change 
% 
Annual 
net 
change 
% 
Forest 9468.7 14678.0 +5209.3 +9.4 +1.04 
Shrubs and 
trees 20877.8 18131.0 -2746.7 -5.0 -0.56 
Agricultural 
land 19444.2 16698.5 -2745.7 -5.0 -0.56 
Bare land 5082.1 5365.2 +283.2 +0.6 +.07 
 
Table 5.3 Land Use/ Land Cover change area 1996-1999 
CLASSES 
Area in 
1996 
(ha) 
Area in  
1999 
(ha) 
Total net 
change 
(ha) 
Total 
net 
Change 
% 
Annual 
net 
change 
% 
Forest 14678.0 4233.7 -10444.3 -18.9 -6.3 
Shrubs and 
trees  
18131.0 19473.5 +1342.4 +2.5 +0.84 
Agricultural 
land  
16698.5 24754.4 +8055.9 +14.7 +4.9 
Bare land  5365.2 6411.3 +1046.0 +1.9 +0.6 
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Table 5.4 Land Use/ Land Cover change area 1987-1999 
CLASSES 
Area in 
1987 
(ha) 
Area in 
1999 
(ha) 
Total net 
change 
(ha) 
Total 
Net 
change 
% 
Annual 
net change 
% 
Forest 9468.7 4233.7 -5235.0 -9.5 -0.9 
Shrubs and 
trees  
20877.8 19473.5 -1404.3 -2.5 -0.2 
Agricultural 
land  
19444.2 24754.4 +5310.2 +9.7 +0.9 
Bare land  5082.1 6411.3 +1329.2 +2.5 +0.2 
 
It appears from tables 5.2, 5.3 and 5.4 that net change in land use 
categories varies over time as increasing (Table 5.2 for forest land) or 
decreasing (Table 5.3 for forest land). However, it seems that analysis of 
land use changes over long time show a gradual average annual change 
(positive or negative).  
5.5 Vegetation change matrix 
However, the land use categories are in continuous dynamic change where 
there is deforestation which is also associated with forest expansion 
resulting from natural regeneration. Dynamic changes in land use 
categories reflect that land use changes are associated with forest 
regeneration in abandoned lands resulting in forest expansion. Using 
vegetation change matrix, it is possible to use cross tabulation and show 
the total deforestation as well as forest expansion as new regeneration area 
(Table 5.5). The main diagonal line of the matrix (Table 5.5) contains 
pixels that have not changed during the defined period, while other cells 
contain pixels that have changed. Vegetation change matrices for the 
classified land use/ land cover categories have been developed to show the 
overall change dimensions during the period 1987-1996, 1996-1999 and 
1987-1999. The output matrix is shown in table 5.5, 5.6 and 5.7. 
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Table 5.5 Vegetation Change Matrix 1987-1996 
                       
            1996   
1987           
Forest Shrubs and trees 
Agricultural 
land Bare land total 
Forest 2450.3 5658.1 5181.9 1387.6 14678.0
Shrubs and 
trees 3917.8 7202.5 6098.6 912.2 18131.0
Agricultural 
land 2468.9 6253.0 6502.3 1474.2 16698.5
Bare land 631.7 1764.1 1661.4 1308.0 5365.2 
Total 9468.7 20877.8 19444.2 5082.1 54872.8
 
Table 5.5 shows that out of the total forest area of 9468.7 ha detected in 
1987, only 2450.3 ha remained as old forest crop. The total deforestation 
area between 1987 and 1996 was 3100.6 ha resulting from forest 
conversion to agriculture (2468.9 ha) and into bare land (631.7 ha). The 
forest degradation that resulted from changed forest area into scattered 
trees and shrubs was 3917.8 ha. The total loss of forest area between 1987 
and 1996 is 7018.4 ha.  
However, the gain into forest between 1987 and 1996 was 12227.7 ha 
resulting from change of land use of agriculture (5181.9 ha), bare land 
(1387.7 ha) and shrubs and trees (5658.1 ha) into forest. The total of net 
gain, the difference between total deforestation (3100.6 ha) and total 
expansion (12227.7 ha) was 5209.3 ha over nine years resulting in 
increasing forest land area from 9468.7 ha in 1987 to 14678.0 ha in 1996. 
In a similar way, table 5.5 shows the dynamic change between other 
categories. The total area of scattered trees and shrubs remaining since 
1987 was 7202.5 ha. The values along the vertical column represent the 
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loss from shrubs and trees to other categories while horizontal row 
represents the gain from categories.  
Agriculture on the other hand had an area of 6502.8 ha continued to be 
under cultivation between 1987 to 1996. All the values along the vertical 
column were representing agricultural land converted to other land use 
categories. The values along the horizontal row represent land use 
categories converted to agriculture.   
Table 5.6 shows the dynamic change of land use categories during the 
period 1996 to 1999. Loss of forest area between 1996 and 1999 is 
13866.2 ha the difference between 14678.0 ha and 811.8 ha, lost as 
deforestation and forest degradation. The gain into forest between 1987 
and 1996 was 3421.9 ha, which is the difference between 4233.7 ha and 
811.8 ha. 
Table 5.6 Vegetation Change Matrix 1996-1999  
                      
           1999 
1996           
Forest Shrubs and trees 
Agricultural 
land 
Bare 
land total 
Forest 
 811.8 693.1 1328.3 1400.5 4233.7 
Shrubs and 
trees 5716.5 8009.4 5138.6 608.9 19473.5 
Agricultural 
land 7115.1 8210.3 7866.9 1562.0 24754.4 
Bare land 
 1034.5 1218.2 2364.7 1793.9 6411.3 
Total 
 14678.1 18131.0 16698.5 5365.2 54872.8 
Taking the forest land category during the period 1996 to 1999, only 811.8 
ha remained as forest land detected in 1996 and in 1999. Between 1996 
and 1999 the forest land degradation resulted in a change of forest to 
scattered trees and shrubs giving an area of 5716.5 ha while 7115.2 ha and 
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1034.5 ha were converted to agriculture and bare land respectively. This 
area is equals to 8149.7 ha representing total deforestation between 1996 to 
1999. 
The total net deforestation area of 4727.8 ha is the difference between 
forest loss as deforestation and degradation (8149.7 ha) and gain as forest 
expansion (3421.9 ha). 
Table 5.7 shows the dynamic change of land use categories during the 
period 1987 to 1999. Taking the forest land category, only 708.0 ha of the 
forest area detected in 1987 remained as oldest forest in 1999. The forest 
loss between 1987 to 1999 as shown by the values along vertical column 
represents 8760.8 ha, equals the difference between 9468.7 ha total forest 
land detected in 1987 and 708.0 ha, of which, 2628.9 ha is the part of 
forest land degraded by selection felling while 6131.8 ha was deforestation 
activity (4628.9 ha as conversion for agriculture and 1503.0 ha as bare 
land). 
The forest gain as, represented by the values along the horizontal row, was 
equal to 3525.8 ha, the difference between 4233.7 ha and 708.0 ha, the 
total net deforestation was 2606.1 ha, the differences between 6131.8 ha 
and 3525.8 ha.        
Table 5.7 Vegetation Change Matrix 1987-1999 
             1999 
1987           
Forest Shrubs and trees 
Agricultural 
land 
Bare 
land total 
Forest 708.0 1645.0 1228.0 652.8 4233.7 
Shrubs and 
trees 2628.9 6718.4 8180.2 1946.0 19473.5 
Agricultural 
land 4628.9 10264.2 8271.5 1589.7 24754.4 
Bare land 1503.0 2250.2 1764.5 893.6 6411.3 
Total 9468.7 20877.8 19444.2 5082.1 54872.8 
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The vegetation change dynamics of land use / land cover classes from 
1987- 1996, 1996 -1999 and 1987 -1999 is represented in the models (5.5, 
5.6, 5.7 and 5.8) that described the change dynamics as models to provide 
the possibility of following the changes in a flow chart.  
 
 
 
 
  
 
 
  
  
  
  
  
  
 
Figure 5.5 Model of forest dynamic change during 1987-199٩.    
 
   
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Figure 5.6 Model of shrubs and trees dynamic change during 1987-1999. 
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Figure 5.7 Model of agricultural land dynamic change during 1987-1999. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.8 Model of bare land dynamic change during 1987-1999. 
Table 5.1 is expressed in appendix 5.1 for land categories during 1987 and 
appendix 5.1b for 1999 land categories. Appendices 5.1a and 5.1b indicate 
Agricultural 
land in 
1987-1999  
Area under 
continuous 
cropping  
8271.5 ha 
Forest 
Forest expansion)(  
Shrubs and trees 
Forest expansion)(  
Bare land 
Abandonment 
1228.0 ha 
8180.1 ha 
1764.5 ha 
Bare land 
in 
1987-1999  
Area or bare 
land  
893.6 ha 
Forest 
Forest expansion)(  
Shrubs and trees 
Forest expansion)(  
Agricultural land 
Forest expansion)(  
652.9 ha  
1946.0ha 
1589.7ha during 1987-1999 
changed to 
during 1987-1999 
changed to  
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the extent of each category change between 1987 to 1999. Example is 
shown in forest area change from 17.3% in 1987 to 7.8% in 1999, 
agriculture area from 35.4% in 1987 to 45.1% in 1999, shrubs and trees 
from 38.0% in 1987 to 35.5% in 1999 and bare land from 9.2% in 1987 to 
11.7% 1999.          
Appendix 5.1a shows that there is increasing trend of agricultural activities 
from 35.4% in 1987 to 45.1% in 1999 in addition to the increase of bare 
land from 9.2% in 1987 to 11.7% in 1999, indicating deforestation of 
56.8% of the total land under study. Forest land and land of scattered trees 
and shrubs are also declining from 17.3% to 7.8% and from 38.0% to 
35.5% respectively from 1987 to 1999. 
5.6 People’s relationship to land use and forests  
There are many aspects that show the relationship between the people and 
the resources around them. People depend on forests for wood and non-
wood products that they use for domestic purposes or for income 
generation. Local people also need the land for cultivation of crops.  
5.6.1 People’s understanding to forest cover change 
People in the area are concerned about the forest conditions. They know 
that the forest cover is declining. Table 5.8 shows people’s distribution 
with respect to their answers about the status of forest cover over time  
 
Table 5.8 Respondents distribution with respect to their evaluation of 
extent of forest covers change. 
Percent of respondents evaluation of cover change 
٩٧٫٥ Declining 
2.5 No change 
- Increasing 
                                                                                                                       
The majority of the people (97.5%) in the study area are aware that the 
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forest cover is declining. Very few people (2.5%) have the understanding 
that there is no change in the forest cover. No person agrees that there is an 
increase in forest cover.  
In group discussion, people described how they conclude that forest cover 
is declining in extent. They mentioned that forest products like fuelwood 
are collected over longer time than the time needed for collection in the 
past. In the past they get their needs from the forests surrounding their 
villages, but presently they used go long distance.  
The local people are aware about the factors that cause forest cover 
decline. People understand that agriculture, fuel wood collection, grazing 
and natural factors are the main causes of forest cover decline. Table 5.9 
shows the distribution of people with respect to causes of forest cover 
decline  
Table ٥٫٩ Perception of local people about causes of forest cover decline 
Causes of forest decline Percent of respondents 
Agriculture  67.5 
Fuelwood collection 17.5 
Grazing  5 
Natural  5 
Missing  5 
 
The majority of the people’s (67.5%) understand that agriculture is the 
cause of forest decline. Tree cutting for fuelwood is mentioned by 17.5% 
as a cause of forest destruction. Very few people understand that grazing 
and natural factors are causes of forest decline as mentioned by 5% for 
each category. It is clear from people response that four reasons are 
perceived to cause forest cover decline, namely agriculture as the main 
cause followed by fuelwood production, grazing and natural factors. 
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5.6.2 Forest ownership and management  
Prior to 1970, the land and forest resources are used as common properties. 
Traditional leadership in collaboration with local government used to 
organize resource management and land allocation to families (ELsiddig 
2004). With the issuance of 1970 Act of Unregistered Lands, all 
unregistered lands are declared government land. Since then large area 
mechanized schemes are allocated through government authorities. 
The local people’s have the perception that the policies concerning land 
ownership and land and forest management may need revision as they see 
that resource ownership has impact on the management success. Table 
5.10 shows people’s perception about forest and land ownership.  
Table 5.10 Perception of local people about forest ownership. 
Who should be the owner of forests Percent of respondents 
Community and government 67.5 
Community only 20.0 
Government only 12.5 
       
The majority of local people (67.5%) accept joint ownership of the land 
and forest resources between community and government. The acceptance 
of community ownership to forest resources comes next in order as 
perceived by 20.0% of the people. Very few people’s (12.5%) accept 
government ownership of the land and forests. People understanding is that 
government adopts preventive measures against people’s access to the 
forests owned by government. In group discussion, the attitude of the local 
people became clear that they need to enter the forest reserves illegally to 
obtain their needs from forest products.  
It is not only joint ownership of land and forest that is accepted by the 
majority of people but also joint management is the most accepted. Table 
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5.11 shows people’s attitudes towards participatory forest management and 
who should be involved in land and forest management. 
Table 5.11 Perception of local people about who should be the  
forest manager. 
Who should be the forest manager Percent of respondents 
Community and government 60.0 
Government only 22.5 
Community only 17.5 
Resource management has its impact on sustainability of resource use. The 
majority of the local people (60%) accept joint management in 
collaboration between government and local communities in order to 
organize people’s rights of access and use of the forest. Acceptance of 
government responsibility about the management of the forest resource 
comes next as expressed by 22.5% while acceptance of community 
responsibility alone about forest management comes last as expressed by 
17.5%. 
Considering the case of joint ownership and joint management as a 
combined package of resource control, also the majority of local people 
perceive that ownership and management can not be separated.     
Table 5.12 Perception of local people about joint ownership 
and management of forests   
Ownership and management Percent of respondents 
Owned and managed jointly by government and 
community 
55.0 
Owned and managed by community   17.5 
Owned and managed by government  12.5 
Joint ownership but managed by  government 12.5 
Community owned but jointly managed   2.5 
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Table 5.12 indicates that 55.0% of the local people see the need for joint 
ownership and joint management by government and people, 17.5% see 
the need for community ownership and community management and 
12.5% see the need for government ownership and government 
management. However there are 12.5% of the respondents who perceive 
that it is necessary to have joint ownership between community and 
government but under government management and only 2.5% accept joint 
management of communally owned forest property.  
Presently, the majority of people (75.0%) do not support pure government 
control and management of the forests and land resources in their area 
(Table 5.12). Only 25.0% accept pure government management of the 
forest and land resources (Table 5.12). The latter may be the illetes or the 
people who benefit from government control.  
Various factors exposed the forest resources and the environment to strong 
pressures for the satisfaction of the people’s needs for fuel, food production 
and grazing. In effect, natural resources essential for human survival and 
sustainable development are increasingly being destroyed and depleted. At 
the same time human demand for those resources is growing faster than the 
rate of their replenishment. In the Sudan, and in recent years, the 
degradation and reduction of forests and their ecological effects has often 
been emphasized. People have spoken of large clearing of forests for the 
development of agriculture, especially mechanized farming, in addition to 
tree felling for building and for the supply of fuel for both rural and urban 
centers.  
Many efforts, directed towards natural resource management, failed 
because they pay inadequate attention to the various stakeholders' 
involvement and their particular interests (Grimble et al. 1995). It is 
obvious that prevention of the local people from entry into the forest will 
not protect the forest against illegal felling. The forest reserves have been 
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degraded and destroyed because people enter these forests illegally to get 
their needs.    
The success of forest management will accordingly depend on 
involvement of the local people in thein management. The success of 
participatory forestry programs depends largely on effective people’s 
participation.  
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CHAPTER 6 
Conclusions and Recommendation 
6.1 Conclusions 
? This study conducted to detect, assess and evaluate land use / land 
cover of Okalma Forest settlement and surrounding area for the 
period 1987 – 1999, from satellite images for ETM 1987, TM 1996 
and TM1999. The study generates land cover change map and 
statistics. The total area coverage data is 54872.8 ha. 
? The forest area increased from 9468.7 ha in 1987 to 14678.0 ha in 
1996. During period from 1996 to 1999 the forest cover decreased to 
4233.7 ha. The general trend of forest decline is from 17.3% to 7.8% 
of the total land of the study area.  
? Shrubs and trees area decreased from 208877.8 ha in 1987 to 
18131.0 ha in 1996 and increased to 19473.4 ha in 1999.  
? The area of the forest and scattered trees and shrubs combined, was 
30346.5 ha in 1987 equivalent to 55.3%, decreased between 
1987and 1999 to 23707.2 ha equivalent to 43.2% indicating a loss of 
12.1%. 
? Agricultural land and bare land increased in area from 35.4% to 
45.1% and 9.2% to 11.7% respectively between 1987 to 1999.  
? Forest and shrubs and trees land cover in 1987 was equal 55.3% of 
the total area, being greater than the combined area of agriculture 
and bare land which was 44.7% of total land area. The situation was 
changed in year 1999 as the forest and shrubs and trees land cover 
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decreased to 42.3% of total area while the agriculture and bare land 
increased to 56.8% of the total land area. 
? The land use categories are in continuous dynamic changes where 
there is deforestation which is also associated with forest expansion 
resulting from natural regeneration. 
? There are many aspects that show the relationship between the 
people and the resources around them. People depend on forests for 
wood and non-wood products that they use for domestic purposes or 
for income generation. Local people also need the land for 
cultivation of crops. People in the area are concerned about the 
forest conditions. They know that the forest cover is declining.   
? The local people accept joint ownership of the land and forest 
resources between community and government. people’s 
understanding is that government adopts preventive measures 
against people’s access to the forests owned by government. The 
attitude of the local people became clear that they need to enter the 
forest reserves illegally to obtain their needs from forest products. 
? The local people see the need for joint ownership and joint 
management by government and people’s. 
? Various factors exposed the forest resources and the environment to 
strong pressures for the satisfaction of the people needs for fuel, 
food production and grazing. The human demand for resources is 
growing faster than the rate of their replenishment. 
? The formal management system, based on government control of 
natural forests and prevention of local people from access in the 
forests, is a failure and unsustainable. 
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? The pilot work of collaborative management in natural forest 
reserves, involving partnership between the local communities and 
the government, in an integrated forestry and agriculture, indicates 
the possibility for compatible, consistent and sustainable resource 
management in the dry lands of Sudan. 
? The natural forests of the Sudan, in general, and the natural forest 
reserves in particular are in a state of continuous degradation and 
decline as a result of mismanagement and low inputs of investment 
in forest protection and development.   
6.2 Recommendations  
According to findings of the land use/ land cover change assessment of 
Okalma forest reserve settlement for the period 1987 -1999 the 
following recommendations could be suggested: 
? As the change rate of land use and cover in the study area was in 
declining condition monitoring and sound land use maps are 
recommended to be formulated.  
? Land use and land tenure regulations in the area need to be 
reformed.  
? Community participation in forest management is recommended so 
as to halt the acceleration of deforestation and land degradation  
? The system can get use of exiting mother trees as seed source to 
reduce cast of seed provision to farmers. 
? Continuous forest inventory by permanent sample plots combined 
with satellite images are recommended as effective methods in 
forest resource assessment  
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? It recommended looking for national support for rehabilitation of the 
area and carrying out combined land use management between 
government and local communities.  
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 Appendix 5.1.a Area of land use categories expressed in 1987 
 
 
 
 
 
 
 
 
Appendix 5.1b Area of land use categories expressed in 1999. 
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Appendix 5.2 scattered trees and shrubs (behind); bare land 
Appendix 5.3 agricultural land   
